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ABSTRACT

Cheju Island, which was formed by volcanic activity, is an oval in its shape
with the major axis of 80km and the minor axis of 40km. The island holds in its
heart Mt. Hanla rising 1,950m above the sea.

Petrological study of this volcanic island has been made actively by Sang-Man

Lee, Chong-Kwan Won and Moon-Won Lee.
The chronological measurements of the island by Chong-Kwan Won and Moon-
Won Lee showed that it is composed of Sanbangsan trachytes and Backlokdam
trachytes(25,000 year ago). These reports are based on the chemical analysis and
the rediometric chronological measurements on the ground. However, there has
been no reports about the inside of caves.

We made an (composition) analysis of the inside of Manjang Cave by the

fundamental parameter method in X-ray fluorescence spectrometry.
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The fundamental parameter method in X-ray fluorescence spectrometry is
nondestructive analysis, and it enables us to make the values processed by a compu-

ter.

The results obtained by this methods are as follows :
$i02(49%), Al O3 (17%), Fez O3 (13%), CaO(8.1%), MgO(5.5%), Naz O(3.6%),
TiO2(2.1%), K20(0.86%), P2 Os(0.28%), and MnO(0.20%), respectively.

The data obtained by the fundamental parameter method in X-ray fluoresce-
nce was compared with the data provided by Chong-Kwan Won and Moon-Won
Lee. Our measurement was made by K-Ar-method in cooperation with T.ITAYA.
The samples are of 30,000~420,000 year ago.

The composition of the values of our underground analysis with the existing
values obtained by the analyses on the ground produced new data about Cheju

volcanic island.
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FIG.3 Schematic Diagram of Fluorescent X-ray System (Rigaku, system 3370E)
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@ HmEAE 2#rt Microcomputer & FEstnL HHHHE HB
Systemoz i & o}

@ ®BA 10000/min(26) o EE HES 711 HE BREEQ
Goniometer & HiEstdch

© WEEEe 0.1% HEgE ZEHn EHAN AolME Step
ot 0.020 8 HASHT

© HiESpectol g@ECl WiE REZ BEe PES I @29
BE o% BT H6T TamE AR

® WE BH EES 20mesS HAFAC

@ Micrqcomputerﬂ] o3t JilEH#, Chart, HwEDbata
d1 HEHRE HRESE=SF Programg {ER3IHA T

olgA sl A4 HE#l UolME TABLE 13 o

TABLE.1 Measuring Condition for Qualitative Analysis

Appratus Rigaku/fully automated sequential X-ray
Spectrometer System 3370.

X-ray tube | End-window Rh-target

Voltage 50KV

Current 50mA

Spectrum (F~Mg)Ka | (Al-Si)Ka| (P*~Ca)Ka| (Ti~U)Ka

Crystal TAP PET Ge LiF

Detector F-PC F-PC F.PC SC

PHA Diff Diff Diff Diff
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Slit Rol giofa AKflc WME(CL )ole Fine slitg &
st 7]gtole  Coarse g AF&3tATh .

o< fEHEY EFAS TABLE 28 o] 53 3o, TABLE
2ol AT EN B 202 REF EIFFAE. [ EL.2-Theta(deg
)], BAXBBE

( Intensity(Kcps) ) 28l@ Spectrag ZExdtz 3o

TABLE.2  Results of Indentification for X-ray Fluorescent Intensity

EL. 2-Theta(deg) Intensity(kcps) Spectra
f Hv00 15.61 5.040 Rh-KB1
] 16.45 5.153 Rh-KB1 -COMPTON
; 17.59 27.086 Rh~KA
18.43 17.666 Rh=KA ~COMPTON Nb-KB1
20.03 0.730 Ir-KB1t
21.36 0.686 Nb-KA
22.52 : 6.157 Ir-KA Sc-K81
23.81 0.806 Rb-KB1 —»
25.13 7.968 8r-KA
26.62 0.544 Rb-KA -+
37.49 0.310 In-KB1 ~%
41.83 0.748 In-KA =%
45.07 0.3214 Cu-KA -+
48.867 0.669 Ni-KA -w
$1.75 34.729 Fe-KB1
§7.54 178.953 Fe-KA Mn~KB1
62.97 1.627 Hn-KA Cr-KB1
69.38 0.263 Co-KA
77.31 0.809 . T4-KB1
86.16 4,052 Ti-KA
NaOD §5.12 2.479 Na-Ka
Q0O  45.17 10.470 Hg-Ka
A100  144.77 74.019 Al-Ka
S$100 109.03 166.963 Si-Ka
1
P 00 141.02 2.786 P -Ka
S 00 110.77 0.334 8 -Ka
ci00 92.77 . 0.126 Cl-Ka
K 00 69.92 8.936 K -Ka
Cal0D  461.93 86.56% Ca-Ka
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TABLE 3¢ 3% EBAZTEAE AV(Ti), ¥ (Mn),3
42 @ (Fe) mpol @aHel At o L4 ImsSe #Be
Ex%Ez Hoit o ABe®TR o4t IAK(H, Na g
K), IA%(0)o At o7A oy (Al), #2(Si) 2
A(P)e LEAMEZA RES TRolx EFHNEE H4T T
Fr#el ave &€e AUn Yo

o] Listo]l &#&Eol 0.06 (WE%) LIFAR SO;(0.049 Wt %),
Cl ( 0.036 Wt %), Cr,0,(0.057 wt %), SrO ( 0.052 Wt %) ,2r0

(0.017wt %) =228]lm NDbO ( 0.003 wt% ) o] gich

4.1 ®itolaud s ( Mgo)
Mgo o] oA ulaulge AMEXREEE Mg Ka o] 26=45.17
0Fol 10.470 ( KCPS )olgith IR MJgOo9 &FHHEE 5.5(Wth)

2 HoJrk ( FIG.6¢ %, TABLE 2 % TABLE 4)
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vl ¥ . 4
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48 —('—77 T + - H9-Ka .
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1 1 i 1
52 - + + + +
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Na-Ka
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x108606 kcPs
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T — — Ca-Ka
83 "f’ + + + +
€5 + + + +

FIG,6 Chart Recording from by MgKl, NaKl and CaKl X-ray Fluo-
rescent Line for Manjang Cave of Twinrock.

TABLE,4 Results of Order Estimation in Manjang Cave of Twinrock.

Component} Definition EL. CODE Spectrum | Int. kecps | Conc. wi%
NA20Q NACQ Na-KA 2.479 3.6
MGO MGOO0 Mg—KA 10.470 5.5
AL203 ALGO Al-KA {1 T4.019 17.
§102 S100 Si-KA 166.96 49.
P205 P 00 P -KA 2.7868 0.28
§03 S ao S -KA 0.334 0.049
cL cLOO Cl-KA 0.126 0.036
K20 K Q0 K -KA 8.936 0.86
CAQ CAGO Ca-KA 86.565 8.1
TI02 HvVO0O Ti-KA 4,052 2.1
CR203 HVQO Cr-KA 0.263 0.057
MNO HVOO0 Mn-KA 1.627 0.20
FE203 HVOO Fe-KB1 34.729 13.
SRO HVOO Sr-KaA 7.968 0.052
ZR0O2 HvQa Ir—-KB1 a.730 0.017
NBO HVOO Nb-KA 0.686 0.0026
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HE ( Vol 149¢] p.55 ) 1415 o DATA o). <3l®d ZFE#HE ( 5.19),
BAE(0.13), BAM( 10.61 ) In MWE(10.48) ]2 A
W2 (2.664 ), 28 ( 7.096 ), EEM=(0.336 ) 2d: BHHEX
(0.513 ) etk oA} K3 EoddW FH@Ed e SFF
2 Hon

¥E BBBEEE (Vol 129 p.214) V9 THEBEY HX
9std [ MgOe Si0, % =Xo EAHO wdx HEmde AE¥L

Uyetdcth kKR B 25 4KV ERft o289 ®E
e 8.7%° 7tA gsdizgdzn gt
g¥es Mgost Sio, of MRE ©27 ol FHEIJAU
W ( MgO ) = 30.44 — 0.495 W ( SiQ, ) e (1)
Si0, ¢ MgO< HABEEE (-0.790 )2 H3 Joy THE
RBX-E BESA E.
FEEo] MgOel Al,0;9 MBS HMstATH

W(MgO):29.028—1.438W(A1203 ) e (2)

2 g3 9god. HMERK:E -0.751531 Ut MgO& Al,;03
Bt Si0, 7l #MkEcl Ade AL AHUR
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4.2 ®i{uv s (Na,0)

Na 0o glojr JYEFS HEAXREEES NaKaffol 26=55.120
Heoll 2.479 ( KCPS ) o]doh. Z#R Na,0¢9 &FELS 3.6(wt%h)
2 Holdth. ( FIG. 69 &), TABLE 2 =X TABLE 4)

WA (Vol 149 p.55 )4) o] DATA S <o&d FHM( 4.01 ) B
ANME(2.10 ), RKRE(6.39) 2 WHE( 4.29 wt %) ol HE
M2 (0.871 ), S8 (0.758 ), BEEE(0.110) 22D BRBEM
(0.217 ) o]k, o] DATA S} sl oW RRME (3.6 wt %)
¥ AL FHE LUTE HoUth

}U, BB EEE (Vol 129 p.214 )3 o - 93H [ Na,0 &
Si0, 4% W2t WS YguA gop 19 BlLEBe A9
A Zoltt. Na,0+K,0 4&e BE 12.3%2A #Hifie KkUHY
42 @m¥glzdn Adsa Yo,

gEE Na,09 Si0, 9 BHKE oS 2ol HHIAUT

W (Na,O0 )=-5.297 +0.183 W ( S10; ) eeereeenresnenennn (3)
7] Na,0¢ SiO, 9 H#HFEEE 0.8912 Hi ey TH
BHIge AFol3AL @WME( 0.183 )d ity EXEZE F Uth

walx Na,08 Al,0, % HEH3IYch

W (Na;0 )= —2.67340.403 W ( AL, Oy ) ereerererrriereeninennns 4)
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2 3 Jon HMEKE 0.6452 Stk Na,0 & Al,0,
B Sio,7} HMMtEel ade AL €A HUAR

4.3 Bizs (Cao)

CaOd SlolH ZHe BEXRBEE CaKag@ol 20=61.930 B
o 86.565(KCPS)>°]S§5}. IR Ca0e £HEe 8.1(wt %)
2 st (FIG. 69 TF# ), TABL 2 X& TABL 4)
FE (Vol 149 p.55 )19 e] DATAo oatd Z#yfE ( 7.19),
B/NME(1.07 ), BAfE(10.17) 2z #WE(9.10 ) o]z FHEMW
E(2.077), o (4.313 ), BMRE (0.262) 2P BHEK (
0.289 )oltt. o] DATAS KKkstd oW RBRE(8.1wt% )
g AL FHEEYG ades RE AHAT

—F, BRHEPEE ( Vol 129 p.214 )3 93d [ Ca09 &
Be 2.1~12.7%2A £ w2 BidRe 79 A—-KR L
Fad detn AFH3}Z Yo

Ca0& Si0, s} Al,0, ol H¥ MHERS HMstAch

W (Ca0 ) =30.79 — 0.463 W ( SLO, ) sereverevermennemisnininiiiniiens (5)
W {(Ca0 ) = ig,54 — 0.745 W ( AL,0 ) cooornremrmmmnersnsnnnesicencnnie 6)
g7l Mo FHERAREE SiO, (-0.948 )94 Al,0y ( -0.500) 2
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Hojgloh Ca0Ox Al,0, Bt} Si0, 7} Atk =Y. RKEY H
Be RHEE2 39994k
4.4 ®miteE (K.0)

K,00] gloja] ZEF 9 BEXEEEE KKaffol 20=69.920 B
o 8.936 ( KCPS ) otk 2#HR K089 &FHR:= 0.86(wth)

2 sHogt (FIG. 7¢ L&, TABLE 2 % TABLE 4 )
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AR (Vol 149 p.55 )14 ¢ DATAC] <3ty ZFH@E( 1.97 ), R
/ANME(0.83), A (5.63) 22im #E(4.80 ) ol FEEMEE(
1.057 ), 28 ( 1.117 ), WBER2(0.135 ) 2= BBRE (0.536)
olch, |
A K% 0.86 (wt%)e ERAEA 7H7kE "ol Utk
BEMESG ( Vol 129 p.214 )V o o3 E [ K0 BHg & &
< 0.5~5.3%°]89 S5i0,9 go] Foie wa EmEdd = x
AFan gl
ke K,00 #ald Si .9 AL,0, s}o] HERALS HMsH

1 (K,O )=—1004+0-236 W( 5102 ) ............................ (7)

W(K,O) =—3.0288+0.302W(Alzoz ) ................................. (8)
7149 HHEAME Si0, ( 0.948 ) olm  AL,Oy ( 0.397 ) °lth

K,O0 ¢} 510, of #BKe =$ Ige RS €¢A"5zZ Al.O; & 9

2 Foe Ae oA =HYT

4.5 B ( 5i0, )

Si0, o] UolA IR BEXBKBEE SiKefo] 20 =109.030
BEol  166.963 ( KCPS ) o]tk IR Si0, of £ HELS 49(wt%h)

o)]gdtt. ( FIG.6¢ T#&, TABLE 2 2 TABLE 4 )
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FE ( Vol 149 p.55 )14 ¢ DATAC <&®H ZFHE ( 50.99 ),
B/NE (45.11), BAME ( 65.54 ) e &HE (20.43 ) °ln FE
W2 ( 4.252 ), ok ( 18.076 ), BB (0.536) Y WHRE
B (0.083 )0t AXE 49wt FHE F2d U
ﬁﬂgﬁgg%ﬁ(wl 129 p.214 )3 o3id e ®WEY
He Re #2He H4Mo E3e AEoln ITY HHHME
wEs wWo  ZHEHES AS F¥H ORSMEE Eor Si0, 9 @2
Rl #EE 2S5 #mdte FA¥S RHAgdJldn  AFHsga
A

7] Si0, o &l MHERAL HHRKREE RGO

W(TiO, ) = 10.061—0.151W ( Si0,) R=— 0.897 =--erorseerenes (9)
W ( Al,0,) = 10.351+0.122 W( S10,) R= 0.373 -oereveverenneen (10)
W (Fe,0,) = 1.235 4+ 0.031 W( Si0;) R = 0.096 --rveeereeeseres an
W(FeO ) = 30.754 — 0.456 W( Si0;) R =— 0.822 «oomreerieens 12)
W(MNO ) =  0.167 — 0.002 W( S10;) R = — 0.037 -ccreereemenenes (13)
W (MO ) = 30.439 — 0.495 W( Si0,) R == 0.790 ---reereemrmenes (1)
W(CaO) = 30.787 — 0.463 W( S10;) R == (0.948 -rroeerreereee (15)
W (Na,0) =-— 5.297 4+ 0.183 W( Si0,;) R = 0.891 -roeeeerrommeces (16)
W (KO ) =—10.040+0.236 W( Si0,) R = 0.948 :eerrerrercees a7
W (HO') = 0.083 +0.007 W( Si0;) R= 0.113 -ererrerreeens )
W (H,0") = 0.424 — 0.003 W( S1i0;) R =1~ 0.081 «oeereemreennee (19)
"W (P,05) = 1.087 — 0.010 W( SiO;) R == 0.228 --oreeemereeee (20)



o714 Eh#fll RS Na,0 (0.183 )¢ K,0(0.236) oln
Riplel 28R MJgO ( —0.495 )¢} CaO ( —0.463 ) o]k MR
ol SlolMe EMMGHE Na,0 ( 0.891 )9 K,O (0.948 ) olm
BMMGREKE Ca0 ( - 0.948 ), TiO, (-0.897 ) 28x FeO (
—0.822 ) oJt},

HRREs FHM sty HesH7l dEd MERES BHYE &
B stk o7IM MRARECT Ad 2R K.0=10.948%4¢ €
A HAoh

.6 mAmBEm (5S0,)

SO; o oA G HEXREEE SKafRodl 20=110.770 B
of 0.334 (KCPS ) ol IR SO0,9 SFES 0.049(wt%)

2 Hojgioh (FIG.79 ¥, TABLE 2 ¥ TABLE 4 )

S EMRES Zol VKO FBstz e €24 dfd gt
E BhY FeEBITED B &BESAE tEH7l AL wEl

o

e BB EH&koAT Ede BEIIZE o AW CS,
e HELZIZE dd. wie Re AFEo=E HI glou RN
o] Sl7] W& BRA:= HEEZ LEST
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4.7 EEikm (F0)

P,O; ol glojA #9] BEXREBEE PKeifol 26=141.020 B
of 2.786 ( KCPS) ol IR PO, o] 4KFES  0.28(Wth)
2 g9 ( FIG. 79 i, TABLE 2 2 TABLE 4 )
A& (Vol 149 p.55 )4 2 DATAo] W P,0, o ZF¥HE (
0.56 ), BR/ANE(0.03), BAME(1.00) =z HME (0.97) o|x
EEEME (0.193 ), 4% (0.037 ), HERZE(0.024) 281 BH
FE (0.344 ) otk AREBY 0.28wt%e FHEROGE o,
P,O; & Si0, ¢ Al 0y o] #H3 FEAA HEKEKE R

W (PO; )=1.087~0.010 ( Si0; ) R=— 0.228 --ereereeeee (1)

W (P05 )==10.132-10.042 (AL;05 ) R=10.301 -creeereeer (2)

P,0s ol g3l S10; 9 AL, Oyole= Mo e R R

3 T

4.8 BMEUZFRaoE (AL,0)

Al,0; 9 3lolA L FuFe HAEXFEEE AlKaffo]l 26=144.770
ol 74.019 ( KCPS ) ojdtt,. IR Al.0; 9 4 FES 17(wth)
2 oo, (FIG. 7¢ TFT&, TABLE 2 ¥ TABLE 4 )

HA (Vol 149 p.55 )14 9] DATAS] eosd Al,0, 9 ZFif



(16.57 ), B/ME(13.84 ), RAME ( 19.21 ) 28xn #E (5.37 )
ol:m fEEEEE (1.392), AH#k (1.937 ), EERZ (0.175) a2
SR 7B ( 0.084 ) ok |

BB H &% ( Vol 129 p.221 ) ol THEHEHEEZ ALO, s
Na,0 + K,O0¢] @it diagramg 23 o LHEAHMHY #HES
A HUuoh

q7]ME Al.O, o ZBEpY MERY HHEAKE RO

W(TiO,) = 4504 - 0.134 W (Al,0, ) Rz=— 0.258 - (23)
W (5i0;) - 32.112 + 1.139 W (Al, 0y ) R= (.073 - (24)
W (Fe;0;5) =— 1.229 + 0.245 W ( AL, 0, ) R= 0.245 ---- (25)
W(FeO ) = 20.843 — 0.804 W ( Al,04 ) R=-(.475 - (26)
W(MnO ) = 0.201 — 0.003 W (Al,05 ) R==(.159 «-- @n
W(MJO ) = 20.028 — 1.438 W (Al,0, ) R=-—0.751 - (28)
W(cCa0 ) = 1953 — 0.745 W (AL, 0y ) R=—0.500 - (29)
W (Na,0) =- 2673 + 0.403 W ( AL, 0, ) R= 0.645 - (20)
W(K,0 ) =- 3,028+ 0.302 W (Al,0,) R= (.37 - (31)
W (HsO0%) = 0.620 — 0.013 W ( Al,0, ) R=—0.070 ------ (2)
W (H;0-) =- 0178 + 0.027 W ( Al,0; ) R= 0.223 -+ (33)
W (P,0,) =- 0.132 + 0.082 W (AL,0;, ) R= 0.301 - (30)

o714 EHf ERL Si0;, ( 1.139 )9+ Na,0 (0.403 ) olx,
K@l 2R Mgo (-1.438 )} FeO (—0.804 ) o]t} FARA £7
pEe g HAEn Jddes A A HUoh
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5. & 2%

51 BIFRAMBEN 25t E&;

BXH RFHAREY —5%8 BEsz REHHK (Ball Mill )=
#W  200mesh LTS DEATh oA BES Bke K Paste
st ol HEMEI Zol BMAINLG  ERI HEAHT HEE H
ABFIH (%)W JSM-35 Typeolch Hde xxHo=z 3im

MEEES 15kVolx B|ie 50mAz HRESHAC FIG. 109

e R i N e e e

FIG.9 Typical Microstructure of mixed powder samples in Manjang

of Twinrock.

AEES HE 120052 B|MEZIANL EMY BEES HEY
315 (360015 )2 #HMEFES FEEo|T 120052 ® AHY BES



BEEAA doid @Er - TFel ololrMe e #HAsl ¢ F7
gich. ¥ AEfle RRdAE WEI & #7b AA HUA 3600
%e8 HRdE Z=ZAREF oFoAm Yot RF =A%
Si0, ¢ Aol HEFE (Silicon )l HER(Si)e VALK %
st gn Higdoez =7 AE SfMEHRoY BTIE455d =
ya #&Ee oF it S EKRIBY ANdE £I] E F e
mKolth, HRE 2@d Wt RE AL e FRE Hotx
BET Atk  ¢o 2 Color HEI HARE d3td A=
Hee g + Uk

o

Ho

5.2 SXX®:mEo MEt IR

MEERE A7 A% TABLE 2ol BXXRENAE, &
X XpEE 223 Spectra & Rt FIG.59] <glolA &
kX BES AEE WRESAD.  TABLE 4d Sloid  RH
Spectra, BEX@EE 1e% A%F%e HESL Uth  TABLE
4o] 99 DATAE HAsdN fMds AAXZST s B
xxgEEs sd EREHNG (FIG. 10).

FIG.10¢) oixN e Egel ok EEY EHRKRE
Tio,, Fe,0, 223 Si0,7 9m, THe E@dEs Mno,
P,0,, K,O :a]':f_ caoOs} ok a7]A Na,0 ¢ Al,0; & 9]
EgRee 22 WolAx Ut A4mez 2o EXXREE
gmuss AXRE Emez dosRe A =
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FIG.11e TABLE 4ol¢] DATAE #graph2 HEsao
FIG.11° 939w Nike Sio,7F 49wt %olm, HB#&Y AlL,0,
7} 11wt %ol Fe,0,& 13wt %2 &A= Utk o 3IESH
& A% 19wt %olth  aflie 21wt %ol Hojglth

H1 G360
% (6.5%

¥ 8.1%

340- /
% %
g”' 17 %
um~ 8.1 > ?%

? 4 9 :1‘
M0 P0s  K,0 TIOz Nao0 Mg0 Cal0 Fea0; Al.0; SiD,

FIG.11 Composition obtained Fundamental Parameter Method for
X-ray Fluorescent in Manjang of Twinrock.
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6. k& E

AL AoH BLHEY MEXKHFS BPI  mXclHzn
Azt "o B XBESHIA Aojr] Semi-Fundamental Parameter
e AT SlolAM FEBUMA Y Wwr opUs} BM S¥Tol Wk
sttt BEe JHAD Ao K EH N AERe ue
Zol EHMYE + Utk
(a) teEmEERs 2dad 3 ¥ 4EY TEP GE&Hd Utk

(b) BTN RELBTES BBLBILEI Utk BEBLET
Folle Ti ( Titanium ), Mn ( Manganese ) 121 Fe (&) 9
it afis AMWSBTEERE SHoldrth
() a8 %eRe Si0, (49wt %), Al,0, ( 1TWt%) =
g3n Fe,0, (13wt %) o JEo.2 Holgich

@) a&8c] d&RAL Mnb ( 0.20wt %), P,0, ( 0.28Wwt%) 2
g1 K0 (0.86wt% )Moz Sk

(e) BEx@mES SHEIA YN —EF EAS HES <A
g Aok

(f) BFE&EEE 938l 3600152 WMAES 89 HY  Si(H
%) HF=fkol FHIA LA Atk

(9) Bmxm MFWEAEY SHES BMNAKLEY F¥  HiHEs
W#gste Eow agE R JddE AL A=A
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& XY RO YN BESY FN SLEREEeeE HE

EELQA BpBEENA ZAE =d Ut

BXE BRE HRId FI LAXKSG WK 891

Bl F1E ¥ T BXEF SRENA ZAE =d4g
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